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Abstract 

Background: The present project proposes three innovative intervention techniques (treadmill 

training, mobility training with virtual reality and transcranial direct current stimulation [tDCS]) 

that can be safely administered to children with cerebral palsy (CP). The combination of tDCS 

and physical therapy resources will provide the training of a specific task with multiple rhythmic 

repetitions of the phases of the gait cycle, providing rich sensory stimuli with a modified 

excitability threshold of the primary motor cortex to enhance local synaptic efficacy and 

potentiate motor learning.    

Methods/Design: A prospective, double-blind, randomized, controlled, analytical, clinical trial 

will be carried out. Eligible participants will be children with CP classified on levels I, II and III of 

the Gross Motor Function Classification System (GMFCS) between four and ten years of age. 

The participants will be randomly allocated to four groups: 1) gait training on a treadmill with 

placebo tDCS; 2) gait training on a treadmill with active tDCS; 3) mobility training with virtual 

reality and placebo tDCS; and 4) mobility training with virtual reality and active tDCS. 

Transcranial direct current stimulation will be applied with the anodal electrode positioned in the 

region of the dominant hemisphere over C3, corresponding to the primary motor cortex, and the 

cathode positioned in the supraorbital region contralateral to the anode. A 1 mA current will be 

applied for 20 minutes. Treadmill training and mobility training with virtual reality will be 

performed in 30-minute sessions five times a week for two weeks (total of 10 sessions). 

Evaluations will be performed on four occasions: one week prior to the intervention; one week 

following the intervention; one month after the end of the intervention; and three months after 

the end of the intervention. The evaluations will involve three-dimensional gait analysis, analysis 

of cortex excitability (motor threshold and motor evoked potential), Six-Minute Walk Test, Timed 

mailto:csantos@uninove.br
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Up-and-Go Test, Pediatric Evaluation Disability Inventory, Gross Motor Function Measure, Berg 

Balance Scale, stabilometry, maximum respiratory pressure and an effort test.  

Discussion: This paper offers a detailed description of a prospective, double-blind, 

randomized, controlled, analytical, clinical trial aimed at demonstrating the effect combining 

tDCS with treadmill and mobility training on functionality and primary cortex excitability in 

children with CP classified on GMFCS levels I, II and III. The results will be published and will 

contribute to evidence regarding the use of treadmill training on this population. 

Trial Registration: 
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Background 

Cerebral palsy (CP) refers to permanent, mutable motor development disorders stemming from 

a primary brain lesion, causing secondary musculoskeletal problems and limitations in activities 

of daily living [1].  The prevalence of CP ranges from 1.5 to 2.5 per 1000 live births, with little or 

no differences among Western nations [2]. Motor impairment is the main manifestation of this 

disease, with repercussions regarding the biomechanics of the body [3-4].  

The concept of functional mobility regards how an individual moves through his/her environment 

for successful daily interactions with family and society [5] and is an important goal in the 

rehabilitation of children with CP. Walking with or without assistance allows such children 

greater participation in activities of daily living as well as better physical development [6].  

Ninety percent of children with CP have impaired gait due to excessive muscle weakness, 

altered joint kinematics and diminished postural reactions [7]. Thus, such children have a 

diminished capacity for participating in games and sport activities at a sufficient intensity to 

develop an adequate degree of cardiopulmonary fitness [8-9].  

Exercise programs that include aerobic and muscle strengthening components have often been 

contraindicated for children with CP due to the belief that greater effort during exercise would 

result in an increase in muscle tone, along with a reduction in the gamut of movements and 

global function [10-11]. However, a systematic review published in 2008 [11] reports evidence of 

the physiological benefits of aerobic exercise in children with CP, but the effect of these benefits 

on function remains unknown.  

A number of approaches have been used to favor selective muscle control, coordinated muscle 

action during gait [7,12] and physical fitness [10,11]. Two such approaches are treadmill training 

and mobility and balance training with the aid of virtual reality techniques.  

The development of new therapeutic resources for use in combination with physical 

rehabilitation methods is of fundamental importance to the optimization of the functional 

outcome [13]. Noninvasive cerebral stimulation has generated considerable interest in this 
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context, as significant functional improvement has been demonstrated following short periods of 

cerebral stimulation in individuals with brain lesions [13-14]. Transcranial Direct Current 

Stimulation (tDCS) is a promising method involving low-cost equipment that is easy to 

administer and offers good patient tolerance with minimum adverse effects [15]. tDCS has been 

used in combination with physical therapy to potentiate neuroplastic changes [13].  

 

Treadmill training  

In the last ten years, gait training on a treadmill has been used in the treatment of children with 

CP to optimize standing posture as well as improve gait speed and endurance. Although 

research in this field is still in the incipient stage, encouraging results have been demonstrated 

in children of different ages and different degrees of gross motor skill [14-22]. A treadmill can be 

used with or without partial weight support (PWS) to provide the training of a specific task with 

multiple repetitions of the steps of the gait cycle [21]. This method activates central pattern 

generators (CPGs) in lumbar region of the spinal cord [23]. CPGs are neural activations capable 

of forming motor patterns for the establishment of rhythmic, automatic steps, allowing the 

training of the biomechanical components of gait, postural control and balance [24-25]. MacKay-

Lyons [26] raised the hypothesis that children with CP have impaired CPGs. The activation of 

these generators and mechanisms of automatic reciprocation is an important aspect of the 

stimulation of gait through treadmill training [20].   

Systematic reviews of the literature [27-32] published in the last four years stress the small 

number of randomized, controlled, clinical trials of adequate methodological quality on this 

subject. The studies analyzed generally evaluate the effects of treadmill training with PWS 

involving heterogeneous samples in terms of functional level, as determined by the Gross Motor 

Function Classification System (GMFCS, levels I to IV) [33-34], and a relatively small number of 

participants. These reviews are categorical in stating that this form of intervention is safe, but 
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the studies offer divergent results and further investigations are needed to determine the 

benefits of treadmill training on children with CP.   

The equipment available for PWS is costly and a specific infrastructure is often needed for the 

installation of this equipment, which limits its use in the home environment and even in the 

therapeutic setting. Thus, a large number of physical therapists opt for treadmill training without 

PWS in children with mild (GMFCS I-II) [33-34] to moderate (GMFCS III) [33-34] motor 

impairment. However, a discerning evaluation of the effects of this form of intervention on 

functional aspects is needed. Moreover, few studies have addressed ways of determining 

effective therapeutic parameters (duration, frequency and intensity of training). In a recent study 

carried out by Grecco et al. (2012) [35], treadmill training without PWS at a speed determined 

by the results of an effort test (at the aerobic threshold) demonstrated better results in 

comparison to overground gait training with regard to functional mobility (Six-Minute Walk Test 

and Timed Up-and-Go Test), gross motor function (walking, running and jumping), functional 

balance, static balance and cardiopulmonary fitness.  

 

Training with virtual reality 

Virtual reality is defined as an immersive, interactive, three-dimensional experience that occurs 

in real time [36-37], allowing the user to have a multidimensional, multisensory experience in a 

virtual environment [37-39]. The use of video games with a virtual reality device has been 

gaining ground in the rehabilitation process, especially in physical therapy. Researchers and 

clinicians have explored the use of Nintendo WiiTM games as a rehabilitation tool for individuals 

with different forms of motor impairment involving deficits in balance and functional mobility [40].  

Exergames is a relatively new term used to describe interactive electronic games that 

characterize the movements of the player as would occur in real life during the practice of a 

given exercise [41]. The Nintendo Wii program is a new style of virtual reality using either a 

remote control or wireless platform that allows the individual to interact with the representation 
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on the video screen through the use of a motion detection system. A sensor positioned on the 

television captures and reproduces the movement on the screen. The feedback provided by the 

image generates positive reinforcement, thereby facilitating the practice and perfection of the 

exercises. The games involve exercises of balance, functional mobility and aerobics [41].  

It is believed that improvements can be achieved in the response to treatment through the play 

stimulus, adding a motivational factor to conventional treatment with the adoption of a specific 

game that motivates the patient to perform the desired movements [42-43]. The practical 

advantages of the use of virtual reality through Nintendo WiiTM regard the possibility of providing 

feedback in real time on the performance and progression of the exercise [44] and the ability to 

train at home with or without supervision [45]. Moreover, the system is a pleasant resource that 

can be used with family and friends [44].   

However, few studies have investigated the use of exergames in the realm of child neuromotor 

rehabilitation. Most studies involve adults and analyze the effects of balance in patients with 

sequelae stemming from a stroke [46] or sedentary, obese individuals [47]. By stimulating the 

displacement from the center of body mass and alterations in the support base, the games 

facilitate improvements in both static and dynamic balance during functional tasks [48]. Another 

benefit demonstrated in the literature regards the possibility of using the games as an 

alternative for the performance of aerobic exercises, promoting an improvement in physical 

fitness, according to the guidelines of the American College of Sports Medicine [49-50].  

Practical guidelines for the use of virtual reality in the treatment of children with CP were 

published in February 2012 [51]. According to the manuscript, there is evidence to affirm that 

virtual reality is a promising tool in the treatment of such children. Despite the small number of 

studies carried out on this population, the findings demonstrate improvements in postural 

control, balance, upper limb function, selective motor control and gait [51].    

 

Transcranial direct current stimulation  



 8 

Transcranial direct current stimulation (tDCS) is a noninvasive method that stimulates the 

cerebral cortex by means of a direct, low-intensity, monophasic electric current (1 to 2mA) 

through surface electrodes. This method has advantages over other transcranial stimulation 

techniques, such as its ease of application, lower cost and more prolonged modulating effect on 

the cerebral cortex. Moreover, this type of intervention is better suited for comparison with 

placebo stimulation, thereby offering greater specificity in the results of a study [52-54].  

The effects of tDCS are achieved through the movement of electrons due to the electrical 

charges between them. The anode pole of the electrode is positive and the cathode pole is 

negative. The electric current (electron flow) moves from the positive to the negative pole and 

has different effects on biological tissues. During the administration of tDCS, the electric current 

flows from the electrodes and penetrates the skull, reaching the cortex. Although a large portion 

of the current is dissipated among the overlying tissues, a sufficient amount reaches the 

structures of the cerebral cortex, altering the membrane potential of the surrounding cells [55-

56].  

tDCS has demonstrated effects on the excitability of the cerebral cortex. Short-term application 

has had short-lasting effects, whereas long-term application has generated long-lasting effects 

related to plastic mechanisms [57]. A large number of studies conducted on animal models 

report the polar effects of tDCS on the cerebral cortex, demonstrating that polarized currents 

applied to the brain surface may enhance spontaneous firing [58] and initiate paroxystic activity 

[59] when the anodal pole is used, whereas the cathode pole generally depresses these events. 

Based on these findings, studies involving humans have evaluated the effects of each pole on 

cortex excitability through the stimulation of the primary motor cortex, demonstrating that anodal 

and cathodal stimulation respectively enhances and diminishes cortex excitability [57].  

tDCS is a neuromodulation technique that has piqued the interest of a large number of 

researchers in recent years. The results of clinical studies demonstrate the potential of this 
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method in the treatment of neurological conditions and investigations into the modulation of 

cerebral cortex excitability [54].  

In the rehabilitation process, the aim of neuromodulation techniques is to enhance local synaptic 

efficacy by altering the maladaptive plasticity pattern that emerges following a cerebral cortex 

injury. The largest benefit of tDCS may come from its use in combination with different forms of 

physical therapy, as this method is a way to modulate the activity of the cerebral cortex, opening 

a path for the enhancement and prolongation of the functional gains provided by physical 

therapy. It can therefore be said that stimulation evokes a change in the dysfunctional 

excitability pattern so that physical therapy can model the functional pattern of cortex activity 

with the activation of specific neural networks [54].   

Studies involving the use of tDCS on the primary motor cortex in stroke victims report 

improvements in upper limb function (active movements of wrists and fingers), movement 

velocity, active movements of the ankle and motor function. However, very few studies have 

analyzed the effects of tDCS on children with CP. Findings reported in the literature refer to 

Transcranial Magnetic Stimulation (TMS) as a way to analyze the evoked potential [60-62] and 

as a resource to reduce spasticity in children with CP [63]. A recent study investigating TMS 

found significant changes in the motor cortex maps of children with hemiparetic and diparetic 

CP (lateralization of upper limbs and motor representation of lower limbs), demonstrating the 

occurrence of reorganization following affections in one or both hemispheres of the brain [64]. 

 

The present project proposes three innovative intervention techniques (treadmill training, 

mobility training with virtual reality and transcranial direct current stimulation [tDCS]) that can be 

safely administered to children with cerebral palsy (CP). As CP results from a primary injury of 

the developing brain, with limitations in functional mobility in 90% of cases, it is reasonable to 

assume that the motor impairment found in patients stems from the combination of the brain 

lesion and maladaptive plasticity pattern that emerges following a cerebral cortex injury. Forms 
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of physical therapy seek to promote motor learning through the administration of functional 

training and multiple sensory stimuli. However, motor learning depends on a change in the 

excitability of the cerebral cortex, with a reduction in cortex inhibition following an injury. In this 

context, stimulation appears to be a way to modulate cortex activity, enhancing and extending 

the functional gains achieved with physical therapy [54].  

Children with CP enter the rehabilitation process early and spend their entire lives performing a 

significant number of physical therapy sessions, which can have a negative effect on motivation. 

Thus, treadmill training and mobility training with the use of virtual reality offer such children a 

new therapy environment, which can pique their interest and enhance their motivation. 

Moreover, the combination of tDCS and physical therapy resources will provide the training of a 

specific task with multiple repetitions of the phases of the gait cycle, promoting rich sensory 

(proprioceptive and visual) stimuli with a modified threshold of excitability of the primary motor 

cortex (enhanced local synaptic efficacy), thereby potentiating motor learning. 

  

Methods/Design  

Primary objective  

The primary aim of the proposed project is to perform a comparative analysis of the effects of 

treadmill training and mobility training with the use of virtual reality with and without tDCS on 

motor skills and cortex excitability in children with CP between the ages of four and ten years 

classified on levels I, II and III of the GMFCS.    

 

Hypothesis 1 

The combination of tDCS and either treadmill training or mobility training with virtual reality will 

achieve greater effects than the isolated use of these training modalities with regard to motor 
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skills and cortex excitability in children with CP between the ages of four and ten years 

classified on levels I, II and III of the GMFCS.   

 

Study Design 

A prospective, analytical, controlled, randomized, four-arm, double-blind study will be carried out 

(Figure 1). The protocol for this study is registered with the Brazilian Registry of Clinical Trials - 

ReBEC RBR-5v3kg9. 

 

Insert Figure 1 

 

Ethical considerations 

The present study complies with the principles of the Declaration of Helsinki and the Regulating 

Norms and Directives for Research Involving Human Subjects formulated by the Brazilian 

National Health Council, Ministry of Health, established in October 1996. The study received 

approval from the ethics committee of the Universidade Nove de Julho (Sao Paulo, Brazil) 

under protocol number 69803/2012. The participating institutions have provided a declaration of 

participation. All guardians agreeing to the participation of their child will do so by signing a 

statement of informed consent. The participants will be allowed to abandon the study at any 

time with no negative repercussions.  

 

Study sample and recruitment 

Individuals with CP will be recruited from the physical therapy clinics of the Universidade Nove 

de Julho and Centro de Neurocirurgia Pediátrica, Sao Paulo, Brazil. The participants will be 

recruited and selected based on the following eligibility criteria: 

 

Inclusion criteria 
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Age between four and 12 years 

Cerebral palsy 

Motor function classified as Level I, II or III by the GMCFS [6] 

Levels 2 to 6 of the Functional Mobility Scale [18] 

Independent ambulation with or without the need for a gait-assistance device (walker or 

crutches) 

 

Exclusion criteria  

Neurological or orthopedic conditions unrelated to cerebral palsy 

Orthopedic surgery on the lower limbs in the 12 months prior to selection 

Surgery scheduled during the period of the study 

Orthopedic deformities with indication for surgery 

Epilepsy  

Metallic implant in skull or hearing aid 

 

Sample size 

The sample size was calculated with the aid of the STATA 11 program and based on a study 

carried out by Grecco et al. (2012) (Effect of treadmill training without partial weight support on 

functionality in children with cerebral palsy: Randomized controlled clinical trial). The Six-Minute 

Walk Test was considered for the calculation. This test was selected as the primary outcome 

based on its proven validity and reliability as a functional capacity assessment tool and will be 

used to evaluate the functional mobility and physical fitness of children with CP. Considering a 

mean and standard deviation of 377.2 ± 93.0 m in the experimental group and 268.0 ± 45.0 m in 

the control group, a bidirectional alpha of 0.05 and an 80% test power, eight children will be 

required for each group, to which 25% will be added to compensate for possible dropouts, 

totaling 40 participants (10 in each group). 
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Randomization 

 Following written agreement from parents/guardians to the participation of their children, 

those who meet the eligibility criteria will be randomly allocated to one of the four study groups 

using a block randomization method:  

 Group 1: treadmill training with placebo tDCS; 

 Group 2: treadmill training with active tDCS; 

 Group 3: mobility training with virtual reality and placebo tDCS; 

 Group 4: mobility training with virtual reality and active tDCS.  

Randomization will be stratified based on the GMFCS (levels I-II and level III) and age (4-8 

and 9-10 years). For each stratum, the allocation sequence will be determined using a 

randomization table. Following the pre-intervention evaluation, the participants will be allocated 

to the different groups based on the cards contained within sequentially numbered opaque 

envelopes. This process will be carried out by a member of the research team who is not 

involved in the recruitment process or development of the study.  

 

Allocation concealment 

A series of numbered, sealed, opaque envelopes will be used to ensure concealed allocation. 

Each envelope will contain a card stipulating to which group the child will be allocated.  

 

Evaluation and follow-up  

The children in both groups will be evaluated by two physical therapists experienced in the 

evaluation procedures and blinded to which group each child belongs. Four evaluations will be 

carried out:  

Evaluation 1: one week prior to intervention;  
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Evaluation 2: one week following intervention; 

Evaluation 3: one month following the end of intervention; 

Evaluation 4: three months following the end of intervention.  

 

Evaluations will be held on two non-consecutive days. 

 

Functional mobility  

The Six-Minute Walk Test [65-67] will be performed following the guidelines established by the 

American Thoracic Society [67]. This test quantifies functional mobility based on the distance in 

meters traveled in six minutes. During the test, the following physiological variables will be 

quantified: heart rate (HR), respiratory rate (RR), oxygen saturation (SatO2), systolic blood 

pressure and diastolic blood pressure. Moreover, perceived respiratory and lower limb exertion 

will be determined using the Borg scale.  

 

The Timed Up-and-Go Test is a fast, practical test that is widely employed to assess functional 

mobility and the risk of falls. This test quantifies functional mobility based on the time (in 

seconds) required for an individual to perform the task of standing up from a chair without arm 

supports, walking three meters, turning around, returning to the chair and sitting down again 

[68]. 

 

Three-dimensional gait analysis  

Gait analysis will be performed with the aid of the SMART-D 140® system (BTS Engineering), 

involving the use of eight cameras sensitive to the infrared spectrum and the SMART-D 

INTEGRATED WORKSTATION® with 32 analogue channels. Two force plates (Kistler, model 

9286BA) will be used for the kinetic gait data (displacement from the center of pressure and 

contact time of the foot with the surface of the platform). All children will be wearing bathing 



 15 

suits to facilitate the placement of the markers. The skin will be cleaned with alcohol to allow the 

proper attachment of the markers on precise anatomic sites. Reflective markers will be placed 

on the skin using the biomechanical model described by Davis for the acquisition of kinematic 

gait data [69-70].  

The participants will walk along a path marked on the floor measuring 90 centimeters in width 

and four meters in length, with the two force plates positioned in the center. Upon stepping onto 

the force plates, the kinetic gait data will be collected and calculated using a video system (BTS, 

Milan, Italy) synchronized with the kinematic data collection system. The electrical activity 

resulting from the activation of the rectus femoris, tibialis anterior and soleus muscles will be 

collected using an eight-channel electromyograph (FREEEMG® – BTS Engineering), containing 

a bioelectric signal amplifier, wireless data transmission and bipolar electrodes with a total gain 

of 2000 and 20-450 Hz sampling frequency. Impedance and the common rejection mode will be 

>1015 Ω//0.2 pF and 60/10Hz 92 dB, respectively. The motor point of the muscles will be 

identified for the placement of the electrodes and the skin will be cleaned with 70% alcohol to 

reduce bioimpedance, as recommended by the Surface Electromyography for the Non-Invasive 

Assessment of Muscles (SENIAM) [71]. All electromyographic data will be collected and 

digitized a 1000 frames/second using the BTS MYOLAB® program. These data will be collected 

simultaneously with the kinematic and kinetic data and all data will be managed using the BTS® 

system and Smart Capture® program. 

 

Cortex excitability  

Transcranial magnetic stimulation will be employed for the evaluation of cortex excitability using 

a magnetic stimulator with a figure-eight coil (Magstin 2002). Responses to the stimulus applied 

to the motor cortex will be recorded in the tibialis anterior muscle of the contralateral lower limb. 

The responses of the motor evoked potential (MEP) will be filtered and amplified using surface 

electromyography. The signals will be transferred to a personal computer for off-line analysis 
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using the data collection software program. Motor threshold and MEP measurements will be 

performed [72] using single-pulse TMS. The motor threshold will be found in the region of the 

cortex with the least intensity necessary to generate a peripheral response. The same method 

will be used to assess the MEP, using 110% of the intensity of the motor threshold. Ten MEP 

measurements will be performed in each step of the evaluation. 

 

Functional Performance 

The Pediatric Evaluation of Disability Inventory (PEDI) quantitatively measures functional 

performance. This questionnaire will be administered in interview form to one of the child’s 

caregivers who has information on the performance of the child regarding typical activities and 

tasks of daily routine. The first part of the questionnaire will be used, which assesses skills in 

the child’s repertoire grouped into three functional categories: self-care (73 items), mobility (59 

items) and social function (65 items). Each item is scored 0 (zero) when the child is unable to 

performed the activity or 1 (one) when the activity is part of the child’s repertoire of skills. The 

scores are totaled per category [73-75].  

 

Gross Motor Function 

The Gross Motor Function Measure (GMFM-66) allows a quantitative assessment of gross 

motor function in individuals with CP and has proven validity and reliability. The measure is 

made up of 66 items distributed among five subscales: A) lying down and rolling; B) sitting; C) 

crawling and kneeling; D) standing; and E) walking, running and jumping. The items of each 

subscale receive a score of 0 to 3 points, with higher scores denoting better performance [76-

77]. 

 

Static Balance  
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The evaluation of static balance will be performed on a pressure plate (Kistler, model 9286BAO, 

which allows stabilometric analysis based on oscillations of the center of pressure (COP). The 

acquisition frequency will be 50 Hz, captured by four piezoelectric sensors measuring 400/600 

mm positioned at the extremities of the platform. The data will be recorded and interpreted using 

the SWAY program (BTS Engineering), integrated and synchronized to the SMART-D 140® 

system. The children will be instructed to remain standing on the platform, barefoot, arms 

alongside the body, gazed fixed on a point marked at a distance of one meter at the height of 

the glabellum (adjusted for each child), with an unrestricted foot base and heels aligned. 

Readings will be made for 30 seconds each under two conditions (eyes open and eyes closed). 

Displacement from the COP on the X (anteroposterior) and Y (mediolateral) axes will be 

measured under both conditions [78]. 

 

Functional Balance  

The Berg Balance Scale will be used for the assessment of functional balance. This simple 14-

item measure addresses the performance of functional balance common to daily living. Each 

item has a five-option scale ranging from 0 to 4 points, with a maximum overall score of 56. The 

points are based on the time in which a position is maintained, the distance an upper limb is 

able to reach in front of the body and the time needed to complete the task. Total execution time 

is approximately 30 minutes. The children will perform these tasks dressed, but barefoot [79-

80]. 

 

Respiratory muscle strength 

Respiratory muscle strength will be determined based on maximum inspiratory pressure 

(IPmax) and expiratory pressure (EPmax), which respectively measure inspiratory and 

expiratory muscle strength and will be determined using the method described by Black & Hyatt 

[81]. For such, a gauge scaled in cmH2O will be used, with an operational limit of ± 300 cmH2O 
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and equipped with a mouth adapter and escape valve – an orifice approximately 2 mm in 

diameter to prevent a rise in pressure in the oral cavity generated exclusively by facial muscle 

contractions. IPmax will be determined by maximum inspiration beginning from maximum 

expiration and EPmax will be determined by maximum expiration beginning from maximum 

inspiration. Each maneuver will be maintained for at least two to three seconds. IPmax and 

EPmax will be determined at least three times for each child, with the largest value used in the 

analysis.   

 

Treadmill test 

There is no standardized test for the pediatric population with neurological disorders. The most 

often employed test in pediatrics is the modified Bruce protocol. However, this includes the 

inclination of the treadmill, which makes it extremely difficult for children with moderate to 

severe motor impairment. The proposed study will employ the symptom-limited cardiopulmonary 

effort test on a treadmill (Imbramed Mileniun ATL), using the ramp protocol with increasing 

speed (initially 0.5 km/h and increased 0.5 km/h each minute). The following will be the criteria 

for interrupting the test: subjective sensation of fatigue, lower limb pain reported by child, 

complex heart arrhythmia, sudden increase or drop in blood pressure (BP), increase above 

maximum HR predicted for age of the individual, intense shortness of breath and drop in 

oxygenation accompanied by electrocardiographic alterations or signs and symptoms. At each 

stage of the test, the child will be asked about shortness of breath and lower limb pain and the 

subjective responses will be classified using the Borg Perceived Exertion Scale. During the test, 

BP will be measured on the left arm with a portable sphygmomanometer and stethoscope 

(Diasist brand) using indirect auscultation. Electromyographic activity will be monitored using an 

Ecafix monitor and HR will be monitored with a Polar Electro Oy heart rate meter. Oxygen 

saturation will be monitored continuously during the treadmill test using a portable oximeter 

(Nonin 8500A).  
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A rest period will be granted between the administration of each measure and the children will 

be allowed to interrupt the evaluation at any moment to rest. Following a minimum period of 20 

minutes of rest, HR and RR will be measured. The time between the administration of the 

assessment measures will be sufficient for these rates to return to resting values to ensure a 

sufficient rest period so that the child’s performance is not compromised.   

 

Intervention 

 

Transcranial direct current stimulation  

A neurologist with ample experience in noninvasive cerebral stimulation will be in charge of the 

evaluations for the indication of tDCS. tDCS will be performed during the intervention sessions, 

as this technique may facilitate behavioral changes through the establishment of a neural 

network favorable to the environment. For such, the tDCS Transcranial Stimulation equipment 

(Trans Cranial Technologies, USA) will be employed, using two non-metallic sponge surface 

electrodes measuring 5 x 5 cm2 soaked in saline solution. The children will be randomly 

distributed into two types of treatment: 1) anodal stimulation of the primary motor cortex and 2) 

placebo tDCS.  

The anodal electrode will be positioned in the region of the dominant brain hemisphere over C3, 

following the internationally standardized 10-20 electroencephalogram system, corresponding to 

the primary motor cortex [82], and the cathode will be positioned in the contralateral supraorbital 

region. Placebo stimulation will involve the placement of the electrodes and the stimulator will 

be switched on for 30 seconds to give the child an initial sensation. However, no stimulation will 

be offered throughout the rest of the session. This is a valid control procedure in studies 

involving tDCS.  
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The current will be applied to the primary motor cortex for 20 minutes in the middle of each 

session. The device has a button that allows the operator to control the intensity of the current. 

Stimulation will be raised from 0 to 1 mA and gradually diminished in the final ten seconds.  

 

Gait and mobility training protocols 

The training protocols will entail five weekly 30-minute sessions over two consecutive weeks 

(total of 10 sessions). During the training, the children in all groups use their own orthoses and 

habitual gait-assistance device, if necessary. A pre-intervention evaluation will be held to 

determine whether the gait-assistance device is of an adequate size for the child and make the 

necessary adjustments. The orthoses will be duly placed by the physiotherapist. HR will be 

monitored is during all sessions to ensure the non-occurrence of overload on the cardiovascular 

system. 

 

Treadmill training: The Milenium ATL treadmill (Imbramed, RS, Brazil) will be used. Two 

treadmill training sessions will be held prior to the onset of the intervention to familiarize the 

children with the equipment. During these initial sessions, the children will not receive tDCS. 

The velocity will be gradually increased based on the child’s tolerance. During the sessions, 

treadmill speed will be maintained at 60 to 80% of the maximum speed previously established 

on the exertion test, performed based on the method reported by Grecco et al. (2012).35 The 

child will walk at 60% maximum speed in the first and final five minutes and 80% in the middle 

20 minutes.  

 

Mobility training with virtual reality: Nintendo WiiTM will be used with the Wii Fit PlusTM 

program and Wii Balance Board. The Wii Fit PlusTM package is made up of more than 50 

games. For the study, however, a balance exercise (hula hoop) and two aerobic exercises 

(walking and walking with obstacles) will be used. The child will first be instructed to stand on 
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the Wii Balance Board for the estimate of height and calculation of the body mass index. Two 

sessions of mobility training with the Wii Fit PlusTM exercises will be held prior to the protocol. 

During the training sessions, the first and final five minutes will be dedicated to the virtual hula 

hoop exercise and the middle 20 minutes will be dedicated to walking with and without 

obstacles. The training will be held in a specific room of the Movement Analysis Laboratory 

(Universidade Nove de Julho) measuring 250 X 400 cm, with a projection screen (200 X 150 

cm) and stereo speakers attached to the wall to provide adequate visual and audio stimuli.    

 

The number of sessions attended, maximum speed of treadmill training, duration of treadmill 

training and distance travelled in each session will be recorded on a follow-up chart. Any 

problems or injuries that may occur during training will also be recorded. All participants will be 

instructed to maintain their normal daily activities and attend normal physical therapy sessions, 

if undergoing such therapy.  

 

Statistical analysis  

The Kolmogorov-Smirnov test will be used to determine whether the data adhere to the 

Gaussian curve. Parametric data will be expressed as mean (standard deviation) and 

nonparametric data will be expressed as median (inter-quartile interval). The effect size will be 

calculated by the difference between means of the pre-intervention and post-intervention 

evaluations and will be presented with the respective 95% confidence interval. Either repeated-

measures ANOVA or Friedman’s test will be used for the statistical analysis of the immediate 

effects of tDCS for parametric and nonparametric variables, respectively. Either two-way 

ANOVA or the Kruskal-Wallis test will be used for the statistical analysis of the effects of mobility 

training with and without tDCS for parametric and nonparametric variables, respectively. All p-

values < 0.05 will be considered significant. The data will be organized and tabulated using the 

Statistical Package for the Social Sciences (SPSS v.19.0). 
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Discussion 

 

This paper offers a detailed description of a randomized, controlled, blinded, clinical trial aimed 

at demonstrating the effects of the combination of tDCS and either treadmill training or mobility 

training on functionality and cortex excitability in children with CP classified on GMCS levels I, II 

and III. The results will be published and will contribute evidence regarding the use of tDCS and 

treadmill training on this population. 
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